INTRODUCTION
Variability regarding the size and shape of paranasal sinuses is a well-known aspect in the field of sinus surgery and anatomy. It is considered that there are significant differences of the sinuses between individuals, but even for the same individual, between the right and left sides. The development process of the sinuses can be affected by genetic factors, environmental conditions and past infections 1 . There are multiple studies and publications related to anatomical variations of the sinuses, and their development, but less about dimensions and volumes. Once endoscopic sinus surgery has evolved and is nowadays the gold standard surgical treatment for most types of sinus pathology, the need for detailed studies has increased. It is considered crucial for the sinus surgeon to have an extensive knowledge on the region, especially prior to performing procedures [1] [2] [3] [4] [5] . Sinus volumes are not commonly measured in practice since it is not always possible, and, if possible, it could involve too much effort 1, 6 . Due to this fact, we found little data on sinus volumes, especially for the ethmoid sinus. In this paper, we present data from our own volumetric study regarding the ethmoid lateral mass, as well as the volumes of the anterior and posterior ethmoids.
MATERIAL AND METHODS
For this study, we used a number of 150 native computed-tomography (CT) examinations (300 lateral ethmoid masses). These were randomly chosen from our database. We did not take the sex and the age of the individual as a variable in the study. We excluded from the study patients that underwent prior surgery of the paranasal sinuses, patients with potential destructive pathology and computed-tomography studies without proper resolution.
For each CT we measured individually the volumes of the two ethmoid lateral masses, and after that the volumes of the anterior and posterior ethmoid groups.
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The limit between the anterior and posterior ethmoid groups was considered to be the basal lamella of the middle turbinate. We also considered as part of the lateral masses of the ethmoid the different extramural cells (Haller's cells, Onodi cells, etc).
The measurements were performed using the dedicated OsiriX software and its volumetric function. This is based on the Cavalieri principle, which automatically generates and calculates a volume, using seriated measurements of the area in different planes of section. The volume was calculated in cm 3 and a 3D diagram of the volume was generated (Figure 1 ). After all the measurements were performed, the data were analyzed and we noted the minimal and the maximal values, we calculated the average value for each volume, and the standard deviation (SD). The values were then compared between the anterior and posterior groups, and between the right and left ethmoid lateral masses. The "t-test" was used to check if the differences between data were statistically accurate.
RESULTS
For each ethmoid lateral mass we calculated, on each side, the volume of the whole lateral mass, and of the anterior and posterior ethmoid groups.
For 3 . Observing these, we calculated that the average volume of the anterior group represents 58.46% of the whole volume, while the posterior group is 41.35% of this volume. The "t-test" showed the data were statistically significant (t=8.989, p<0.05).
The same percentages were calculated for the right ethmoid. In this case, the average volume of the lateral mass was 7.34 cm 3 , while average volumes of the anterior and posterior groups were 4.33 cm 3 and 3.01 cm 3 . Our calculations showed that the volume of the anterior ethmoid group represents 58.99%, and the one of the posterior ethmoid group is 41.008%. The data were also statistically significant (t=8.989, p<0.05).
After calculating the volumes of each ethmoid group, we observed that there is no statistically significant difference between the volumes of the right and left ethmoid lateral masses (t=5.118, p>0.05).
The same was observed for the anterior groups (t =2.694, p>0.05) and posterior groups (t=4.76, p>0.05).
DISCUSSIONS
The roles and importance of paranasal sinuses is not yet clear, being still in a state of hypothesis. Most of the features postulated as functions of the sinuses, such as warming and dampening the air during inspiration, or acting as resonance cavities during speech, are still to be proven 1 . Even so, the clinical importance of the sinuses is clear, since they are often sites for chronic infection, such as chronic sinusitis.
The ethmoid sinus is probably the most interesting, controversial and important of the paranasal sinuses.
From an embryologic point of view, the ethmoid is different from all other paranasal sinuses. It originates from the cartilaginous nasal capsule (paleosinus), while the other paranasal sinuses will develop as extensions from the capsule (extracapsular migration) into the surrounding bones 7 .
In anatomical terms, the ethmoid is also different from other paranasal sinuses, due to the fact that its cells are separated by very thin bony lamellae, while the walls of other sinuses are more rigid and robust. Due to this important characteristic of ethmoid cells, it is said that one cell may outgrow the ones next to it and force them in another direction, or limit their expansion 7, 8 . Different pneumatization and expansion types of the ethmoid make it a challenge to establish a certain pattern in its anatomy.
Knowledge about the normal and average size and volume of paranasal sinuses could serve as an indication and point of reference for abnormal anatomy. Therefore, the idea of the study was to offer an estimate to the average sizes of the ethmoid lateral mass, serving as a guideline for surgeons and anatomists.
Volumetric studies of paranasal sinuses were performed and can be found in literature, using several methods and imaging. Some of these studies used measurements of distances between sinus walls, and calculated the volume of the sinuses by trying to resemble the shape of the sinus to a geometrical shape 9 . Other more recent papers have published reports using the Cavalieri principle on imaging studies. This formula uses two-dimensional images from imaging studies in order to get a three-dimensional volume 10, 11 . Aside from the techniques using imaging series, other studies have been made using cadavers or dry skulls 12, 13 . We consider that there is not a perfect method of measuring volumes of the paranasal sinuses, since these are irregular in shape and imaging studies are not always as accurate as they should be.
In our study, we used a feature of OsiriX, which generated a 3D diagram and calculated the volume after we selected the area of the ethmoid on each transverse section from the imaging study. We did the same thing for both right and left ethmoid cells, and also for each one of them we measured the anterior and posterior groups. In order to separate anterior ethmoid cells from the posterior ones, we used the basal lamella of the middle turbinate as a landmark. This was proved to be difficult in some cases when some cells of the posterior ethmoid bent the basal lamella and were situated superior to the anterior ones. In these cases, we found rather irregular shaped ethmoid groups. The method is also not perfect since the accuracy of the 3D reconstruction is dependent on the thickness of imaging slices.
In our study, we did not compare the volumes of ethmoid sinuses between male and female groups, considering that there would not be a significant difference between the two. Some studies reported a difference in paranasal sinus volumes between males and female, sinuses being larger in males. 1, 13, 14 . Other papers showed no statistically significant differences between male and female paranasal sinuses [15] [16] . Regarding the volume of the ethmoid sinus, we found few studies that measured this parameter, probably due to its important variability and irregular shape. The average volume of the ethmoid sinus would vary between 5.5+/-1. In our study, we also measured the volumes of the anterior and posterior ethmoid groups and after that we calculated the percentage of each group from the total volume of the ethmoid. We found that with statistical significance we can state that the anterior ethmoid occupies 58-59% of the whole ethmoid lateral mass, while the posterior ethmoid group occupies the rest of 41-42%. We did not find any other papers that calculated the volumes of anterior and posterior ethmoid groups. This could be important information for sinus surgeons when planning their technique.
CONCLUSIONS
Knowledge of paranasal sinus anatomy has become crucial with the evolution of surgical techniques and increased practice. The anatomy of the ethmoid sinus is, and probably will always be, challenging, since it is highly variable and dependent on many other structures. The innovation of this paper was the volumetric measurement of anterior and posterior ethmoid cells as well as the entire volume of the ethmoid. The calculations we made concluded that the ethmoid lateral mass is divided into 58-59% for the anterior ethmoid and 41-42% for the posterior ethmoid.
